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PROVIDING AUTOMATIC GRAPHIC DISPLAYS THROUGH DEFAULTS *

Sakunthala Gnanamgari
N.I.Badler, H.L.Morgan, Bonnie L, Webber

Department of Camputer and Information Sciences
Moore school of Electrical Engineering
University of Pennsylvania, Philadelphia, Pa. 19104, USA

Abstract

This paper addresses the problems in
providing graphic displays automatically to serve
a user naive with respect to camputer graphic
devices. It identifies the properties of data
that affect graphic representation and presents a
formalism in which to view them. It also
discusses and illustrates the selection of various
graphic formats based on the data to be
represented, its properties, and graphic device
characteristics.

1. Problem Statement

Broadly speaking, there are three phases of
using camputers: acquiring, processing and
presenting information. As to the first two, many
years of research and development have led to the
availability of efficient ways of oollecting and
processing data. However, methods of presentirg
information“are by and large limited to variations
of tabular form. Reading a sequence of lines and
understanding their import is a tedious job
though, reminding pecple of the old proverb, “A
picture is worth a thousand words.” As a result,
efforts are now being directed towards presenting
such data graphically, Unfortunately, using
graphic devices can be a complex prooess,
requiring days or even weeks of training. 'qnn

* This research is partially supported by DARPA
grant MDA903-80-C-0093.
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now, it has been almost impossible for a maive
user to create a graphic display to view
information.

Our long range goal is to have an intelligent
system helping users in the graphical display of
data, performing the task of a graphic artist,
Our objective, at present, is to facilitate
automatic display of information by providing
reasocnable defaults for graphical representations
and easy user modification of the resulting
displays.

‘The major problem in developing such a system
is that there is a gap between the way a user
corceives of a graphic display and the way the
machine does. Por the user, it is a meaningful
picture made up of certain particular pieces) for
the machine, it is the sequence of cperatiomns
needed to create such a display. A second problem
is that a user will not think to make explicit
wvhat a/he does not care sbout or what s/he
believes the system already knows or is able to
infer. What is needed is a graphic expert system
that, on the one hand, {is at an appropriste
conceptual level for user to state things that
s/he cares about, but, on the other, provides
appropriste defaults to take care of everything
else,

Research has proven that graghic presentation
of information is better than talulsr form,
Tabular form merely presents raw data withont
interpretation [Gene 3Selazny, 1972), vhereas
pictorial form conveys the relationship between

"the data items.
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W {llustrate this contrast between tabular
and gaphic presentation, consider the following
example. Using the Harvest system [Harvest,
1979], s database query systes, a naive user can
type fa

WAERE YEAR = 1980 DISFLAY BUDGET

and gat a formatted cutput as shown below:

BUDGET FOR 1980
ms NOUNT*
1. SALARIES 3
2. TRAVEL 10
3. BUTAENT 25
4. MAINTENANCE ! ]
5. MISCELLANTOUS 12

|

* Thousands of dollars

Por tibelar form cutput, systess such as FWARVEST
can govide defsult formsts. This relieves a
naive wer of the need to provide detailed format
specificstions, a burdenscme task especially when
the wesr mmy not care moce about the format than
it be essy to read.

v, it is mOt curcently possible to
requet 8 graphic display in the same easy terms -
.., 0 pe

VIS WAR = 1900 DISPLAY BUDGET GRAPHICALLY

and gt & gxaphic display as shown hete:

“\Sauanes

No existing system provides the default graphical
formats needed to provide such a service.

There are same "high level® software packages
camrercially available, such as PLOT-10 and DISPLA
{ISSD), that allow an applications programmer to
use a graphic device at a programming language
level., Interactive systems like Tell-a-Graf
{ISSOD) requires users to enter data and specify
their preferences oompletely. But none of these
systems can provide default displays for either
cmpletely or incampletely specified cholces.
¥hat is needed is, highly automated graphics
systams to meet the needs of naive users who
either 4o not want to specify any preferences
about the graphic display or givwe incomplete
specifications.

This paper discusses appropeiate defaults for
those aspects of a display the user has failed to
specify and how those defaults depend on three
factors:  the data to be displayed, the device on
which it is to be displayed and the users it is
displayed for. Two different types of defaults
are considered: defaults affecting the choice of
graph through which to display the data and
defaulta affecting the choice of “attributes® foc
that graph, such as color, sise, orientation,
order ard other fectors. These defaults are used
to provide & naive user with the ability to esee
his o her mmeric dsta (vhich would othervise be
presanted as a table of mmbers) in the fora of &
pie chart, bar gragh or trends geagh.




11, Definitions

pefore introducing the system and basic
assumptions for the system, we shall define the
oancepts we will be using:

1. OONTINUITY: a boolean value that
represents whether or not the members of
an ordered set represent an interval of a
continam with respect to the given
ordering. Example:r A set of days,
{sunday, Monday, Tuesday, Wednesday,
Trhursday, Friday, Saturday] could be
defined to represent a WEEX, an interval

of time, and have the  property
continuity, while {Sunday, Tuesday,
Saturday} may not, and {Sunday, Tuesday,
Friday, Wednesday, Monday, Saturday,

Thursday} may not.

2. TOTALITY: i3 a boolean value that
represents whether or not the members of
a set represent ALL the component parts
of an object or an abstract concept.
Banples the set of items [Salaries,
Travel, Bguipment, Maintenance,
Miscellanecus] could be defined to
represent the parts of which BUDGET is
conposed, and have the propecty
totality. The subset {Salaries, Travel,
Maintenance} would not have totality.

3. CAFDINALITY: {is the mmber of elements

in a set. Purple: the cardinality of
range the set of days is 7.

4. MLTIFLICITY: is the mmber of wvalues
- assigned to each element in a dcmain set
by a mapping. Bumple: the mapping
*square root® fram real mmbers into

ocosplex mmbers has the multiplicity of
2.

ne

S. UNITS: is the set of labels specifying
the unit of measurement associated with

each numerical value. Bxarple:
Thousands of dollars, Hundreds of tons,
ew'

One of the factors upon which effective
autamatic data display depends caonprises
particular characteristics of the data itself. By
abstracting out these characteristics, one can
form a well defined bijection mapping that can
help one to understand the cowplex phenamenon of
data and {ts manipulations,

Let this abstract form of data be represented
by the word title, a mapping from the danain set
of labels into the range set of quantities. That
is,

Taankle '11‘12' o...l.."“>l (qu.qu. ..-.ql,,) P}
(Qnonzo---onn) ""'(%l'w' '"'qnn’ }

where, for every i=l to m, 14 is the ith element
in the domain set and for every i=1 to m and {si
to n, G4 is the jth component of the ith tunle in
the range set. Fach column also has an entity
called unfts and  another TITY called
colunn=label,

In other words, the data in the range set is @
matrix of size a rows and n colums.

The cardinality of row-labels and
multiplicity of the mapping cen be derived from
input data. Mowever, two additional properties of
this mapping, that are necessary to select a
display format are not directly decivable from the
input data {tself. These are:

(i) whether elements of either row-labels or
column-labsls form oomponent perts of some vhole
with respect to the quantities represented by each

manber of the oolumr-labels and row-labels
respectively: that is, whether either set has
totality,
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{11) whether elaments of either row- or
colum-labels denots to a contimum with r

to the quantities represented by each member of
the column~labels and row-labels respet;iwlyx
that is, vhether either set has contimuity. Por

OOMPANY -1 COMPANY-2
1972 0.86 0.60
1973 1.01 0.9%0
1974 1.22 1.1%
1975 1.35 1.45
1976 1.60 1.80
1977 1.93 2.4
1978 2.4 1.90
1979 2.70 2.01

In this exarple, the row-labels are 1972, 1973,
1974, 1975, 1976, 1977, 1978 and 1979 and the
colum-labels are OOMPANY-1 and OOMPANY-2. The
continuity of row-labels could be true or false
with respect to each oolumn-label. If the
camaparison of inoames for two campanies over the
period of time is prefered, then the contimuity of
row-labels would be {true, true} with respect to
each of the colum—labels. If an absolute
comparison of incomes 1is prefered then the
continuity of row-labels would be {false,false).
The totality of row-labels could be trus or false,
If a relative comperison of each year’s income
with respect to the total incame of each company
is prefered, then the totality of row-labels would
be {true,true}); otherwise, it would be
{talse,falee}. Similarly, the continuity and
totality could be defined for colum-labels. The
cardinality of row-labels is 8. The multiplicity
of the mapping is 2. The units are dollars for
each colum-label.

111, Bxarples

Raving defined the concepts that we will be
using, to demonstrate how the above mentioned
{deas can be used to provide a graghic display,
consider the BUDGET FOR 1980 exanple given
earlier. Here the mapping is BUDGET FOR 1960, the
set of row~labels is [Salaries, Travel, Equipment,
Maintenance, Miscellanecus], the range set of
quantities is {(35), (10), (25), (18), (12)}, the
set of colum-labels is {Anount) and the set of
units is {Thousands of dollars]. Let the totality
and continuity of row-labels be {True} and {False)
respectively. Given this information and no
preferences on the user’s part, the systen”s task
is to observe the data and its characteristics,
decide what type of graphic format is both
suitahle and feasible with respect to the graphic
device that is availahle, decide its attributes
and then display the picture. (Although it should
also allow the user to modify the resulting
display, this aspect of the user interface will
not be discussed,) For this exsple, the system
selects a pie chart representation to express the
totality of the row-labels. This pie chart
representation is an appropriate choice as
confirmed in the literature:

"Because a circle gives such a clear impression of
being a total, a pie chart is ideally suited for
the one purpose it serves -~ showing the relative
sizes of the components of some whole,® -
{Zelazny, 1972)

®...the separation of a whole axount in terws of
its oosponent quantities. In the graphic figure,
a ciraular feuemhu-heonpcm a vhole
smount, and can be divided into segments which
represent propoctional quantities, or peroentages,
of the whole.® - [Bowman, 1968).

As we noted above, the user has not stated
any preferences regarding the display. This being
the case, the cioice of whether or Aot @ oolor
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the different u‘eqaanu of the pie (and if so, what
calors) is left as another set of defaults. These
choices/defaults depend partially on device
capabilities but also on whether colors would be
an effective way of communicating information to
the user, PFor a device such as the printed page,
the choice of colors {s black and white.

In this example, suppose the totality is
{ralse], the system whould have opted for a bar
chart. The reasons for this option are: (i)
continuity being false, a line graph is mot
selected, (ii) totality being false, a ple
representation is not selected, amd (iii) "In a
graphic figure, quantity can be shown in
camparative relation to other quantities, through
the extension of abstract parallel bar forms.® -~
Bowman [1968). The resulting figure is shown
belows
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As amother example comsider the mapping
INOOME PER SHARE. We will ook at five cases,
case 1. 1f the continuity of row-labels is {true,
true}, the totality of row-lsbels is {false,
false] and the wnits is ({dollars, dollars] the
graphic format selectsd would be a LINE graph.

That is,
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Case 2, If the continuity of rowlabels {s
{talse, false], the selected graphic format would
look
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Case 3. If the continuity of row-labels is {true,
false}, the graphic format selected would be

Case 4. If the continuity and totality of
row-labels are {false,false] and {true, true)
respectively, then the dsta would be presented in
the form on the top right.

Case $. If the contimuity and totality of
row-labels are {false, false} and {false, false);
and the totality of column-labels is {true, true,
trus, true, true, true, trum, true}, then the
graphic formet on the bottom right represents _the
input data,
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IV, System Overview

e overview of the proposed system currently
wnder development is given in the following
tigure.

INPUT DATA

Device KnowiEDGE J-

LRBUY
(4

Arraasure

SeiecTion 1'

‘AYA & Bevace
ANAnETERS Teow DicTionany

(ot )

RAPNIC

We are making the following three assunptions
with respect to this system design:
) DATA is expected fraom an existing database,
™e syster expects a table of information which
has both row-labels and column—-labels. Bither of
these sets may be tagged with the properties of
antinuity and/or totality. These two properties
of the mapping are expected as input to the system
along with the data mapping and information on
wmits of measurement for the quantities in the
mnge set.
i) DEVICE is expected to have a set of routines
fex draving and erasing points, lines and
caracters, and for setting colors or grey values.
(i) USER i{s @pected to be able to type in the
ssuest for a graphic display.

T™he information from a database enters the
meten at the node IIGUT DATA. The data is passed
9 the rext node FORMAT SELECTION.

Depending on the characteristics of input
data such as multiplicity, cardinality, units,
continuity and totality; and of graphic device
such as device type, spatial and intensity or
color resolution; a default graphic format (such
as a pie chart) will be selected to display
information. These rules of selecting o
particular display format are defined after
consulting Bertin {1973), Bowman {1968) and Gene
Zelazny {1972 and 1980) and studying wvarious
graphic representations.

Once the appropriate graphic format has been
selected, the format and the information to be
displayed are passed to the next node, the
ATTRIBUTE SELECTION., This state oconsults the
device knowledge and damain specific knowledge to
determine the attributes of the display such as
oolor and icons. The output of this state
consists of data and device parameters,

Depending upon these parameters, the next
node, GRAPHIC PROCEDURES, generate the graphic

" commands to a particular device that realizes the

display.

DISPLAY is the actual display of information,
the final output of the system, in the graphic
format,

The graphic display is obtained by simply
requesting the system tO present tabular
information graphically. 1If the display is not
satisfactory to the user, it may be modified. The
modifications are provided at three levels: (i)
input data oould be modified by selecting oc
graping the row-labels to be djsplayed, (ii) the
properties such as totality or continuity could be
changed thereby changing the format of the displey
and (111) attributes of display could be changed.
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Y. Sumary

In sumnary, this paper has discussed the

System [Gnanamgari, 1980) which we have designed
to provide appropriate defaults for those aspects
of the presentation of a user’s data that s/he
elﬂnrhsmtcareabmtorums the system
would  “cbviously® infer, The underlying
structures of input data have been studied and
abstracted and relavant properties of data have
been recognized. A reasonably large set of
graphic formats have been defined for presenting
data. Currently we are wocking on, knowledge
representation issues of the system.
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